Mon. Not. R. Astron. Soc. 000,[T]g](0000) Printed 29 September 201 1 (MN style file v2.2) 



Relating bars with the environment in the nearby Universe 
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ABSTRACT 

We study the correlation between the fraction of barred spiral galaxies and environmental 
parameters of galaxies to understand in which environments the bars are more commonly 
found. For this purpose we apply the Blanton et al. technique to a sample of spiral galaxies 
drawn from the Nair & Abraham catalogue. Our results agree with previous findings in which 
the fraction of barred galaxies is almost insensitive to environment. 
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1 INTRODUCTION 

Bars are believed to be closely related with the dynamical evolution 
of disk galaxies and to play an important role in redistributing the 
angular momentum between dark and baryonic matter (Weinberg! 
ll985l : lDebattista & SelIwoodll998h . lAthanassoulj ( l2003h proposed 
that this exchange of angular momentum is closely related to the 
density and velocity dispersion of the host halo. Other roles that 
have been assigned to b ars are: to transp ort material to the cen- 
tre and igni te starbursts i Sheth et al. 20051) and/or fe ed the central 
black hole ( IShlosmanetalJll99dd ICorsini et al.ll2003[). ho wever no 
direct evidence of this is seen (Mulchaey & Regan change 
chemical abundance gradient (Zaritsky 1992; Martin & Roy 1994); 
bars can trigger star formatio n along themselves, o r have a lot 
of ga s and no star formation jKennev & Lord 1 199 ll ; ISheth et al] 
l2002h . Bars are also associated with circumnuclear star forma- 
tion activity (' Sersic & Pastorizj[l967l ; |Hp et al."l997'; 'Sheth et al.' 
2000); the formati on of nucle ar pseu do-bulges (Kormendy 1982 , 



Kormendy & Kenni cuttlliooi) . rings jSchwarz|[l98ll; iButa 
Buta&Combesi,199W a nd, po ssibly, spiral arms jLindblad 
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For a fixed circular velocity, barred and unbarred galaxies 
have simila r properties like lumin osity, scale lengths, star formation 
and colour dCourteau et"ai]|2003h . which does not nece ssary imply 
they h ave followed the same evolutionary paths (see ISheth et al.l 
l2008t) . Ide Vaucouleurj jl963h using blue plates found that more 
than 60% of nearby galaxi es are barred. Similar fractions are ob- 
served in the near-infrared (lEskridge et al.ll2000l ;l Laurikainen et al.l 
l2004l ; lMenendez-Delmestre et al.ll2007h . In numerical simulations, 
bars appear naturally once the cold and rotationally supported disk 
is in place (see Athanassoula 2005 for a review), although, the 
precise mechanisms that drive this phenomenon are not well es- 
tablished yet. Among the internal mechanisms that can produce 
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bars is the instability of the disk |Sellwood & WilkinsonI 1 19931 ; 
iHeller et al.|[2007l ; lAthanassoulall2008fK 

It has also been suggested that environment could also be im- 
portant in leading to the formation of bars, although results are 
contradictory. In some nu merical simulations bars are created in 
mergers and interacti ons j Walker et alj 1 1 9961 ; iMihos et al 



iBerentzen et al.ll2004l) . it is transient in others toer in et al' 
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and in so me others bars are de stroyed as the galaxy becomes an 
elliptical. lElmegreen et alj (1990) analyse galaxies in binary and 
group systems and in the field and find a correlation between the 
bar fraction and environment for early-type spirals, with the high- 
est fraction corresponding to binary systems. On the other hand, 
[van den Bergh (2002) use 930 galaxies from the Palomar Sky Sur- 
vey and conclude that the bar fraction does not depend on the envi- 
ronment. An envi ronment that has been partic ularly studied is that 
of galaxy clusters. [Mendez-Abreu et aT |(|201^ study both, the cen- 
tre and the infall regions of the Coma Cluster, in a wide range of 
magnitudes. They find that bars are hosted in galaxies in a tight in- 
terval of masses and luminosities (lO'' < M„/Mq < lO" and 
—22 < Mr < — 17 respectively). These authors do not find a sig- 
nificant difference in the fraction of bars between galaxies in the 
centre and in the infall regions suggesting that the cluster environ- 
ment plays a second-order role in the bar formation/evolution. 

The purpose of this paper is to evaluate different parameters 
that characterise the environment as possible generators of bars. 
We use the technique proposed by Blanton et al. ( 2005) and sig- 
nificance criteria introduced bv iMartmez et al.i t2008i) to samples 
of galaxies drawn from the catalogue by Nair & AbrahamI ( 1201 Oal) 
(hereafter NAIO). The paper is organised as follows: section 2 de- 
scribe the sample of galaxies and the environmental properties we 
use throughout our work; section 3 presents the results; finally 
we provide a discussion of our findings in section 4. Throughout 
this paper we assume a flat cosmological model with parameters 
Ho = 70km s"^Mpc"\ Qm = 0.3 and Ha = 0.7. 
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2 THE GALAXY SAMPLE 

For the purposes of this paper we use a sample of galaxies drawn 
from the catalogue by NAIO. This catalogue presents detailed vi- 
sual classification for 14034 galaxies in the Main Galaxy Sample 
(MGS; Strauss et al. 2002) of the Fourt h Data Release of the SDSS 
(DR4; lAdelman-McCarthv et alll2006h that constitute a complete 
sample with 0.01 < z < 0.1 and down to a limiting extinction 
corrected apparent magnitude of g — 16. Each galaxy in the cata- 
logue has been morphologically classified by NAIO into T-Types. 
Additionally, they recorded the existence of structures such as bars, 
rings, lenses, tails, warps, etc. 

In our analyses below, we include all galaxies classified as 
spirals (T-Type> 0) in the NAIO catalogue which have axial ra- 
tio b/a > 0.55. Below this cut-off the fraction of barred galaxies 
drops dramatically (fig. 21 in NAIO). There are no other impor- 
tant incompleteness regarding bar identifications in the NAIO. Our 
sample has 5508 galaxies, among which 1841 are barred. 

For the analysis of the correlation between the existence of 
bars and the environment in which galaxies are located, we selected 
4 measures of environment quoted in the NAIO catalogue and also 
computed the projected distance to the nearest MGS neighbour 
brighter than A/,- = —20 (that is, a volume limited sample of 
galaxies up to 2: = 0.1) and with c|Az| < 1000km as another 
environment measure: 

(i) I/gro up,. 9: group lumin osity (9.5 < log(Lgroup,s/I'Qa) < 
12.5) from lYang etai] ilOOH) . 

(ii ) Mgroup: group mass (9.5 < log (A/group /M©) < 13.0) 
from lYang etaD 72007). 

(ii i) Mhaip: g roup halo mass (11.5 < log(Afhaio/Mo) < 15.5) 
from lYang et"alj l l2007h . 

(iv) E5: 5th neighbour projected densit y (—0.8 < 
log(E5/Mpc-2) < 1.8) from lMdrv et al.l |2003) . 

(v) rjviv; projected distance to the nearest neighbour (0 < 
'■jviv/kpc < 1500) computed in this work. We have not introduced 
corrections accounting for the well known fiber collision incom- 
pleteness of the MGS, nevertheless, this should not bias our results 
since, both, barred and non-barred spirals should be affected in the 
same way. 

All cut-offs in the lists above were imposed as a compromise be- 
tween probing the largest possible volume in the space of parame- 
ters and, at the same time, having enough galaxies per bin to prop- 
erly carry out the correlation analyses detailed in the next section. 



3 RELATING BARS WITH ENVIRONMENTS 

We explore the ability of different environment parameters to pre- 
dict the fraction of bar r ed gal axies by using the ax statistics as de- 
fined bv lBlanton et alj j2005l) . Briefly, given a set of environmental 
properties, Xi, Xm, the fraction of barred galaxies, /bar, will 
be, in principle, a function of them: /bar = /bar(^i, Xn)- If 
we consider now a particular parameter Xj and marginalise /bar 
over the remaining ones, we get the fraction of barred galaxies as a 
function of Xi alone, /bar(^/)- The parameter X,j that correlates 
best with the fraction of barred galaxies will be the one that min- 
imises the variance axj of fh&rjXj) after subtracting its global 
trend (see for detailslsianton et al.ll2005l : lM"artmez & Muriell2006l : 
iMartmez et alj2008l) . 

The ax statistics provides the environmental parameter that 
predicts best the presence of bars. This does not mean, however. 
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Figure 1. The fraction of barred galaxies as a function of different mea- 
sures of the environment, quoted error-bars are obtained by the bootstrap 
resampling technique. From upper to lower, panels are sorted according to 
increasing ax values. Shaded areas are the mean values and ilcr error- 
bars from the resampUngs. We quote in the bottom the number of galaxies 
in each bin. Below each panel we show the distributions corresponding to 
barred (shaded histogram) and non-barred galaxies (empty histogram), both 
normaUsed to have the same area. 



Bars & environment 3 



that the best ranked parameter is a good predictor of bars. To 
complement the ax statistics, we use the significance criterion by 
iMartmezetZl teOOS'') computed by using bootstrap resamplings. 

Since we are dealing with a flux-limited galaxy sample in our 
analyses, we ha ve weighted each galaxy in our statistics by 1 /Knax 
( ISchmidllll968l) . Given that the fraction o f barred galaxies depend s 
on absolute magnitude dSheth et al. 2008: Nair & Abrahaml2010bh . 
and that brighter galaxies tend to be located in higher density envi- 
ronments, the non inclusion of such a weighting scheme can lead 
to systematics in our analyses. 

In Fig. [T] we show the results of our analysis on the relation- 
ship between bars and environment. Panels are sorted from top to 
bottom according to increasing ax values. We quote next to each 
panel the ax value along with its significance. Each panel shows 
the fraction, /bar(-'f ), of barred galaxies as a function of the corre- 
sponding quantity X. Error bars are 1 a bootstrap resampling error- 
bars. Shaded areas represent the overall mean value of /bar(^) 
plus/minus 1 a from the bootstrap resamplings. We also show in 
the inferior part of each panel the 1/Vniax weighted histograms 
of barred (shaded) and non-barred (empty) galaxies, all these his- 
tograms are normalised to have the same area. The best predicting 
parameter is the distance to the nearest neighbour, in the sense that 
galaxies with bars tend to have closer neighbours. This is followed 
by the projected galaxy density, the mass of the halo, the group 
luminosity and finally the group mass. Nevertheless, all the param- 
eters have significance below 68%, i.e., less that \a for Gaussian 
statistics, thus none of them is significant according to our criterion. 

Despite that none of the explored parameters are closely corre- 
lated to the presence of bars, the trends in Fig.[T]suggest that barred 
galaxies are slightly more common at higher densiti es, and i n mor e 
massive halos. Inspired in the results by Elmegree n et al. 
we also check whether the correlation of bars and the environment 
is stronger for early spirals, by repeating the ax computations only 
for galaxies classified as Sa, Sab and Sb by NAIO. We find no evi- 
dence of significant correlation for those galaxies either. The results 
suggest, at best, a second order environmental effect. 

We have repeated our computations without the 1/Vmax 
weighting scheme, resulting in a different ranking of parameters. 
In this case we observe that: (i) the overall /bar is slightly higher 
since /bar is an increasing function of luminosity; (ii) the trends 
as in Fig.[T]do not qualitatively change, however, (iii) the variances 
around the global trends, ax, do change leading to a different rank- 
ing: the group mass ranks first and the remaining four parameters 
have almost identical ax values. This is no surprise since in this 
case the statistics is dominated by brighter galaxies, that tend to be 
located in more massive systems, and among them the fraction of 
bars is higher. Again, we find that significance levels are well be- 
low 68%. The non inclusion of a weighting scheme accounting for 
the fact that we are dealing with an essentially flux limited galaxy 
sample can lead to wrong conclusions. 

Although non-significant according to our criterion, the dis- 
tance to the nearest neighbour is the environmental parameter that 
correlates best with the fraction of bars. The nearest neighbour in 
our analysis is, in all cases, a relatively bright object, Mr < —20, 
since we searched for it in a volume limited (up to z = 0.1) sample 
of galaxies drawn from the MGS to avoid biases with redshift. If 
the proximity to another galaxy is an important factor for the for- 
mation and/or stability of a bar, the mass ratio between a galaxy 
and its closest neighbour might be important as well. We have fur- 
ther explored the correlation between bars and neighbours in terms 
of the difference in absolute magnitude between the barred galax- 
ies and their nearest neighbours, which is broadly related to their 



mass ratio. We classified spiral galaxies in the NAIO catalogue 
according to the r— band absolute magnitude difference with the 
nearest neighbour, AAI = Mnn — M, into two groups: galax- 
ies whose nearest neighbour is brighter or have similar luminos- 
ity (AM < 0.5); and galaxies whose nearest neighbour is fainter 
(1.5 > AM > 0.5). In this case, we searched for the nearest 
neighbours in the flux limited (r < 17.77) MGS, and restricted 
the sample of spiral galaxies in the NAIO to those that are at least 
1.5 magnitudes brighter than the absolute magnitude correspond- 
ing to the apparent magnitude limit at the galaxy's redshift. For 
these two subsamples we have studied the trend of the fraction of 
barred galaxies as a function of the projected distance to the nearest 
neighbour, as in the upper panel of Fig.[T] and have found no sig- 
nificant differences. Thus, according to our results, bars are located 
in galaxies with no particular preference regarding the luminosity 
of the nearest neighbour. 



4 CONCLUSIONS 

We have studied the relationship between the fraction of barred 
spiral galaxies and a number of environmental parameters in the 
nearby universe using a complete sample of spiral galaxies taken 
from the N AIO catalogue. For th is purpose we have applied the 
technique by Blanton et al. Il l200^ and the significance criterion by 



iMartmez et alj ( l2008l) . to a sample of spiral galaxies taken from the 
NAIO catalogue. Once the range of a set of parameters is defined, 
this technique measures the ability of each parameter to predict an 
observable, in this case, the bar fraction. 

We have considered in our analysis 5 parameters character- 
ising the environment: group luminosi ty, group mass, g roup halo 
mass (the three of them computed by Yang et al. 2007j, the pro- 
jected galaxy density (computed by Baldry et al. 2006) and the pro- 
jected distance to the nearest neighbour (computed in this work). 
Our results indicate that the latter parameter is the one that best 
predicts the existence of bars, however the signal is only marginal. 
The small effect is in the sense that spiral galaxies with a near- 
est neighbour within 0.5 Mpc tend to have a slightly higher frac- 
tion of bars. We find no evidence of bars preferring systemati- 
cally brighter or fainter neighbours. Our finding that the proxim- 
ity to another galaxy could play a role in the formation of a bar, 
can be related to the predictions of some numerical simulations 



erties (e.g. iNoguchil Il987l: iGerin et alj 


199(]|: iMihos etalJI 19971: 


iMiwa & Noguchi 19981: Berentzen et al 


2004b. However, due to 



the low s ignificance we find, o ur r esults can also be in agree- 
ment with lvan den Berghl ( l2002h and lMendez-Abreu et all ( |2010|) . 
in which the fraction of barred galaxies does not depend on the en- 
vironment. Nume rical simulations hav e shown that bars form natu- 
rally in discs (e.g. I Athanassoulall2005l and references therein), thus, 
bars could be understood in terms of nature only, leaving for nur- 
ture, at best, a secondary role. A larger sample of barred galaxies is 
needed to shed more light on the relationship between environment 
and the presence of bars. 

According to our results, the relation between environment 
and bars appears to be, at best, a second order effect. Since the 
NAIO sample contains galaxies in a wide range of environments 
(see histograms in Fig.[T]l, it is worth emphasising the fact that the 
presence of bars do not seem to depend on environment while most 
galaxy properties do. 
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